We prospectively evaluated 46 possible risk factors for methicillinresistant Staphylococcus aureus (MRSA) surgical site infection (SSI) among patients with MRSA carriage in a large intervention study. Of 6,130 study patients, 68 (1.1%) developed MRSA SSI, which occurred a median of 14 days after surgery. Risk factors associated with MRSA SSI were receipt of emergency surgery, presence of comorbid condition, receipt of immunosuppressive therapy, receipt of contaminated surgery, and a surgical duration longer than the 75th percentile. MRSA carriage on admission did not predict MRSA SSI.
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Carriage of methicillin-resistant Staphylococcus aureus (MRSA) increases the risk of nosocomial infection. 1 However, there is scant information about easily modifiable risk factors associated with MRSA surgical site infection (SSI). 2 Manian et al. 3 suggested that postoperative factors may play an important role in the causation of MRSA SSI. We conducted the present study to determine whether previously identified risk factors (including MRSA carriage on admission) are associated with MRSA SSI.
methods
This study was performed in the surgical department of the Geneva University Hospitals. Data analyzed for this study were part of a prospective MRSA screening study performed from July 2004 through June 2006. 4 During this period, patients hospitalized for more than 24 hours were screened for MRSA carriage on admission, by means of a cross-over design. MRSA carriers received topical decolonization therapy (nasal mupirocin treatment and washing with chlorhexidine soap) for 5 days. A complete description of the study design, patient population, microbiologic studies, and surveillance methods has been reported elsewhere. 4 For the present study, we included only patients from the 2 intervention periods of the previously mentioned study 4 who had been screened for MRSA carriage on admission. Patients from the 2 control periods were excluded. We performed a risk factor analysis for MRSA SSI among patients who underwent at least 1 surgical procedure and who had a positive test result for MRSA carriage during the 2 intervention periods. Patients with non-SSI types of nosocomial MRSA infection were excluded, except patients with MRSA bacteremia secondary to SSI.
For all patients with MRSA carriage, research assistants extracted information from the medical records on sociodemographic data, comorbidities, severity of underlying illness, patient's prior location and transfer status, previous hospitalization, presence of indwelling device or skin lesions, past history of MRSA carriage, receipt of antibiotic treatment within the previous 6 months, receipt of perioperative antibiotic prophylaxis, and the National Nosocomial Infections Surveillance system risk score. 5 The study was approved by the institutional review board of the study hospital as a continuous quality improvement project; therefore, no informed consent was required.
The primary outcome of interest was occurrence of MRSA SSI, defined on the basis of standard Centers for Disease Control and Prevention criteria. 5 If a patient was admitted more than once during the study period, only the first hospitalization was included in the logistic regression analysis. In addition, 46 variables were evaluated by bivariate analysis as predictors of MRSA SSI. Variables with a P value less than .1 in the bivariate analysis were candidates for multivariable modeling, which was performed by stepwise logistic regression analysis. The statistical software used was Stata, version 9.0 (StataCorp).
results
Of 6,130 patients who underwent operations, 68 developed 70 MRSA SSIs, corresponding to an overall rate of 1.14 MRSA SSIs per 100 surgical procedures. The median interval from surgery to occurrence of MRSA SSI was 14 days (interquartile range [IQR], 6 -28 days). Table 1 summarizes the characteristics of the 68 included patients, stratified by 
discussion
We examined 46 risk factors for MRSA SSI in 670 patients with MRSA carriage included in a large clinical trial. The probability of MRSA SSI was 2-3 times greater among patients who had emergency surgery, a "clean" or "clean-contaminated" wound, prolonged surgery, comorbidities, and/or immunosuppressive therapy. The majority of patients with MRSA SSI were free of MRSA on admission. This finding might explain, at least in part, why in our study a commonly accepted risk factor for MRSA SSI (carriage on admission) did not predict which patients would develop infection.
Only a few studies have reported detailed rates of MRSA SSI. In the study by Manian et al., 3 75 (0.32%) of 23,671 surgical procedures were associated with MRSA SSI. Anderson et al. 6 reported from 26 US community hospitals a rate of 0.23 MRSA SSIs per 100 surgical procedures; however, superficial SSIs were not included. In the United Kingdom, these rates seem to be considerably higher This study extends previous evidence about risk factors for MRSA SSI, most of them not easily modifiable. 2, 8 However, our finding that MRSA carriage on admission is not an independent risk factor for MRSA SSI stands in contrast to previous studies claiming that preoperative carriage of MRSA has an independent effect on the risk of MRSA SSI. 9 Our data indicate that postoperative acquisition may play an important role in the causation of MRSA infection. 3 Probably, an undetected reservoir of MRSA among colonized surgical patients or healthcare workers may contribute to ongoing cross-transmission and postoperative MRSA acquisition. In support of this finding, Spanish colleagues have recently observed that of 8 cases of MRSA mediastinitis, none had previous nasal MRSA colonization detected on admission. 10 Several limitations of our study need to be discussed. As in the case of any observational study, one cannot infer causality from the associations we describe. We studied exclusively patients from a single surgical department; hence, our results may not be applicable to patients hospitalized elsewhere. Since we did not collect data on all 10,193 patients who underwent MRSA screening, we were not able to perform a populationbased risk factor analysis for MRSA infection in the entire cohort. Finally, antibiotic prophylaxis against MRSA was suboptimal for several reasons. 4 It remains to be shown if use of a more rapid screening test or use of a better antimicrobial agent than vancomycin can decrease MRSA SSI rates.
The presented risk factor analysis offers important information about the probability of MRSA SSI in surgical patients, extending earlier findings. Our data will help explain some of the disparities in reported success rates of topical eradication treatment and perioperative prophylaxis directed against MRSA, and these insights may lead to the development of more effective postoperative MRSA control strategies.
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